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ABSTRACT 


A  technique  has  been  devised  to  measure  the  noise  produced  by  a  moving  helicopter.  The 
equipment  used  is  easily  portable,  relatively  simple,  accurate  and  provides  instant  readout  of 
aircraft  speed  and  altitude. 

The  sound  pressure  levels  measured  during  the  flyovers  have  been  corrected  to  a  constant 
200-foot  distance  from  the  source  and  polar  plots  have  been  prepared  showing  the  corrected 
sound  pressure  level  by  octave  bands. 
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A  TECHNIQUE  FOR  MEASURING  THE  EXTERNAL  NOISE 
OF  A  MOVING  HELICOPTER 


INTRODUCTION 

The  noise  produced  by  helicopters  is  of  concern  to  the  military  for  several  reasons.  Some  of 
these  are  the  hearing  hazard  presented  to  crew  and  passengers,  the  annoyance  to  the  community 
around  training  areas,  and  perhaps  most  important,  the  loss  of  combat  effectiveness  caused  by 
early  enemy  detection  of  aircraft  activities. 

In  general,  the  problems  involved  in  measuring  the  internal  noise  of  helicopters  are  well 
known  (2,  6  &  9)  while  annoyance  is  discussed  in  reference  3.  The  background  of  the  detection 
problem  has  been  covered  extensively  by  several  authors  (Loewy,  Ungar,  etc.),  and  will  not  be 
repeated  here. 

For  convenience,  the  topic  of  acoustic  detection  of  an  object  may  be  arbitrarily  divided  into 
three  broad  areas:  namely,  the  noise  characteristics  of  the  object,  the  medium  through  which  the 
noise  propagates,  and  the  detector  or  listener  that  receives  the  noise.  This  report  will  deal  mainly 
with  the  first  area;  that  is,  a  determination  of  the  noise  characteristics  of  an  object— in  this  case  a 
moving  helicopter. 

While  methods  exist  which  may  be  used  to  predict  detection  distances  {5,  11  &  13),  these 
methods  need  accurate  information  concerning  the  sound  source-in  order io. be  useful.  Although 
considerable  theoretical  work  (8,  11  &  12)  is  being  done  on  methods  of  predicting  the  noise 
which  will  be  produced  by  a  given  helicopter,  there  is  very  little  published  data  dealing  with 
actual  measurements  of  moving  helicopters.  Most  external  noise  measurements  have  been  taken 
on  either  a  hovering  helicopter  (7/  showing  maximum  sound  pressure  level  (SPL)  recorded  or  the 
SPi_  versus  time  history  of  a  fly-by  with  the  helicopter  a  maximum  of  a  few  hundred  feet  from 
the  measuring  microphone,  this  report  describes  a  method  of  collecting  acoustic  data  from  a 
moving  helicopter  to  permit  the  generation  of  a  polar  plot  of  SPL  versus  angle  in  a  vertical  plane 
containing  the  flight  path.  This  method  may  be  used  to  compare  SPLs  produced  by  a  variety  of 
aircraft  as  well  as  to  show  the  effects  of  any  changes  made  in  a  particular  aircraft.  One  factor 
which  is  inescapably  a  part  of  a  measurement  program  of  this  type  is  the  atmosphere  and  its 
effects  on  the  acoustic  signals  being  measured.  This' program  makes  no  attempt  to  measure  the 
acoustic  characteristics  of  the  atmosphere  at  the  time  of  test  but  relies  instead  on  published  data. 
Ambient  temperature  and  relative  humidity  were  measured  at  the  time  of  test  and  these  variables 
were  used  to  choose  the  appropriate  acoustic  characteristics  (4).  the  computer  programs  used  for 
data  reduction  are  given  in  the  appendixes. 

METHOD 

Our  first  attempt  at  recording  a  fly-over  was  at  a  quiet  location  at  Aberdeen  Proving  Ground 
(APG)  where  the  pilot  was  instructed  to: 

1.  Fly  as  straight  a  path  as  possible  Over  ouf  microphones. 

2.  Maintain  given  altitude  and  airspeed- 

3.  Report  by  radio  his  passage  over  a  nearby  shoreline. 
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Since  distance  from  the  shoreline  to  our  microphones  was  known  and  assuming  a  constant 
airspeed,  the  location  of  the  aircraft  could  be  calculated  at  any  particular  instant. 

To  check  the  accuracy  of  this  location  method,  we  decided  to  mark  the  instant  that  the 
helicopter  was  directly  over  the  microphones.  This  was  done  by  clicking  a  toy  "cricket" 
noisemaker  when  the  aircraft  was  subjectively  determined  to  be  directly  over  the  microphone. 

As  a  starting  pointy  we  requested  an  altitude  of  500  feet  and  90  knots  indicated  airspeed.  As 
the  experiment  progressed  and  the  runs  were  mads  at  higher  altitudes,  several  problems 
developed.  The  pilot  reported  that  he  was  having  difficulty  lining  up  on  the  microphone  site  at 
the  start  of  his  run  at  a  distance  of  two  to  three  miles.  At  the  lower  altitudes,  the  pilot  was  able  to 
sigh'-  on  various  features  on  the  horizon  such  as  tree  lines,  power  line  poles  and  other  objects  to 
maintain  a  straight  line  to  our  location.  At  the.higher  altitudes,  these  features  dropped  below  the 
pilot's  horizon  and  were  thus  unavailable  for  course  guidance.  The  pilot  also  reported  that  he  was 
having  increasing  difficulty  in  determining  exactly  when  he  was  passing  over  the  shoreline.  As 
the  data  was  being  analyzed,  it  became  obvious  that  there  were  fairly  large  errors  in  aircraft 
location.  There  was  poor  agreement  between  the  time  when  the  observer  indicated  that  the 
aircraft  was  overhead  and  the  time  when  calculations  based  on  airspeed  and  distance  from  a 
reporting  point  (Shoreline)  showed  that  the  aircraft  should  be  overhead. 

We  decided  to  consider  other  methods  of  either  aioing  an  observer  in  determining  aircrafi 
location  or  measuring  aircraft  location  directly  by  automatic  means.  Several  alternatives  were 
discussed  and  discarded  as  not  being  suitable  for  our  purposes.  Personnel  of  the  Velocity- 
Measurement  Unit.  Materiel  Testing  Directorate,  then  suggested  using  a  "skyscreen"  td  detect 
passage  of  the  aircraft  over  a  point. 

A  skyscreen  is  a  photo-electric-device  so  constructed  that  it  detects  objects  passing  through 
a  sensitive  area.  Electronically,  the  skyscreen  senses  a  change  in  light  level  reaching  a 
photoelectric  tube  and  produces  a  single  electrical  pulse  whenever  the  change  in  light  level 
exceeds  a  set  value.  The  electrical  circuitry  is  such  that  slow  variations  in  light  level  do  not 
produce  an  output.  For  this  reason,  clouds  and  changes  in  the  angle  of  the  sun  have  little  or  no 
effect  on  the  operation  of  the  skyscreen. 

Preliminary  trials  showed  that  we  could  reliably  detect  aircraft  passage  at  altitudes  of  several 
thousand  feet.  Above  3500  feet,  detection  became  erratic,  but  since  this  was  far  in  excess  of  the 
altitudes  planned  for  acoustic  measurements  we  did  not  investigate  further  to  determine  if  the 
difficulty  was  caused  by  the  skyscreen  itself  or  it,  in  fact,  the  aircraft  did  not  intercept  the  area 
covered  by  the  skyscreen.  It  appeared  that  the  latter  was  the  more  likely  reason  since  at  3500 
feet  the  width  of  the  skyscreen's  active  area  is  only  350  feet.  With  the  lack  of  visual  references  at 
this  altitude  a  possible  error  of  175  feet  on  either  side  of  a  desired  flight  path  was  not 
unreasonable  to  expect. 

The  final  configuration  used  during  the  acoustic  tests  is  shown  schematically  in  Figure  1  and 
pictorially  in  Figure  2.  The  details  of  the  skyscreen  system  are.given  in  Appendix  A.  In  brief,  the 
outputs  of  the  skyscreens  were  used  to  start  and  stop  electronic  counters.  The  counters  were  used 
as  accurate  interval  timers  so  that  they  gave  a  precise  indication  of  the  time  that  elapsed  between 
a  start  arid  a  stop  pulse.  Switches  were  used  to  interchange  the  pulses  from  the  skyscreens  so  that 
the  aircraft  could  make  runs  in  both  directions.  For  example,  during  a  run  from  left  to  right,  SS3 
would  be  used  to  start  the  counter  used  to  measure  velocity  and  SS4  would  be  used  to  stop  this 
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Schematic  of.  sky-screen  system. 
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counter.  During  a  run  from  right  to  left,  however,  SS4  would  apply  the  start  pulse  and  SS3  would 
apply  the  stop  pulse.  Skyscreens  1  and  6  were  tilted  off  the  vertical  by  the  amount  necessary  to 
cause  their  sensitive  areas  to  converge  at  the  nominal  altitude  chosen  for  the  flights.  By  counters 
2  and  3,  it  was  possible  to  measure  the  height  of  the  aircraft  above  the  microphones.  Skyscreens 
2  and  5  were  aligned  so  that  their  sensitive  areas  were  along  the  flight  path  rather  than  at  right 
angles  to  it.  If  these  two  skyscreens  detected  the  aircraft,  we  knew  that  the  aircraft  was  on  a  path 
within  the  rotor  radius  of  being  directly  over  +n®  microphone. 


Acoustic  Data  Collection 

A  block  diagram  of  the  equipment  used  to  record  the  aircraft  flyovers  is  shown  in  Figure  3. 

A  calibration  signal  produced  by  a  Bruel  &  Kjaer  (B&K)  Type  4220  pistonphone  was  recorded  on 
the  tapes  and  served  as  the  reference  level  during  playback. 

We  found  during  our  preliminary  studies  that  applying  a  tone,  or  click,  as  a  marker  on  the 
tape  at  the  instant  the  aircraft  was  overhead  was  not  very  satisfactory.  During  an  octave  band 
analysis  of  the  tapes,  there  were,  of  course,  octave  bands  which  did  not  pass  the  tone  and 
consequently  there  was  no  marker  on  the  record  of  those  particular  octave  bands.  Rather  than 
attempting  to  generate  a  broadband  noise  for  use  as  a  marker,  we  decided  to  try  a  gjfterent 
approach  A  circuit  was  constructed  that  applied  a  momentary  short  circuit  across  the  input  ot 
the  tape  recorder  when  a  oulse  from  SS3  indicated  that  the  aircraft  was  directly  ov§f  th| 
microphone.  In  this  manner,  we  were  able  to  get  a  distinct  marker  that  was  independent  ot 
frequency  and  showed  clearly  on  all  the  analyses. 

The  test  site  for  the  acoustic  measurements  was  an  abandoned  airfield  at  APG.  The 
equipment  was  located  at  the  extreme  northern  end  of  the  north-south  runway.  The  runway  gave 
the  pilot  a  good  visual  reference  for  maintaining  a  straight  flight  path  over  the  microphones.  A 
total  of  12  runs  was  recorded.  Runs  1  to  6  were  at  a  nominal  300  feet  altitude  and  runs  7  to  12 
were  at  600  feet.  The  direction  of  the  runs  alternated  so  that  the  odd  numbers  were  in  the  north 
to  south  direction  while  the  even  numbers  were  from  south  to  north.  Aircraft  speed  and  height 
for  the  first  seven  flights  are  given  in  Table  1. 

The  terrain  in  the  test  area  was  flat  and  there  were  no  obstructions  along  the  flight  path. 
The  ground  surface  consisted  of  the  broken-up  remains  of  the  old  asphalt  runway  and  the 
surrounding  area  was  covered  with  low  grass. 

The  flights  took  place  in  the  early  morning  hours  to  take  advantage  of  low  wind  conditions. 
Surface  winds  were  two  miles  per  hour  or  less  from  the  north  for  the  first  eight  runs  after  which 
thev  shifted  to  the  south  at  three  miles  per  hour  or  less.  The  temperature  rose  from  28QF  to 
34c>  during  the  test  period  while  relative  humidity  varied  from  78  percent  to  63  percent. 

The  microphone  used  was  a  B&K  %"  condenser  microphone,  Model  4134.  The  microphone 
was  oriented  so  that  the  diaphragm  lay  in  a  vertical  plane  which  also  contained  the  flight  path. 
When  the  microphone  was  oriented  in  this  manner,  sound  waves  from  the  aircraft  always  hit  the 
microphone  at  90°  incidence,  thus  eliminating  possible  problems  with  directional  characteristics 
of  the  microphone. 
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TABLE  1 

Aircraft3  Flight  Data 


Flight 

Number 

True  Air  Speed 
(Knots) 

Height  Above  Microphone 
(Feet) 

1 

78 

241 

09 

271 

3 

77 

238 

4 

65 

271 

5 

77 

272 

6 

65 

305 

7 

76 

526 

^he  aircraft  was  a  UH-1 H  SN  7059234. 
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B  a  K  4134  t/2“  MICROPHONE 
B  8  K  2619  CATHODE  FOLLOWER 


Fig.  3.  Equipment  used  to  record  the  noise  of  aircraft  flyovers. 


Data  Reduction 

The  data  reduction  portion  of  the  test  program  was  broken  into  several  phases  as  follows. 

1.  Determination  of  aircraft  location  in  time  and  space, 

2.  Analysis  of  acoustic  data  into  a  sound  pressure  level  (SPL)  versus  time  history  for  each 
octave  band. 

3.  Combination  of  aircraft  location  data  and  acoustic  data  into  a  plot  of  the  SPL  around  the 
aircraft. 


Determination  of  Aircraft  Location 

As  the  aircraft  passed  over  the  skyscreen  equipment  we  obtained  measurements  of  several 
variables;  (1)  the  precise  instant  at  which  the  aircraft  passed  over  the  microphone,  {2)  the  aircraft 
speed,  and  (3)  the  height  of  the  aircraft  above  the  microphone.  If  we  assumed  that  aircraft  speed 
and  height  did  not  vary  significantly  during  a  run,  it  was  possible  to  determine  the  aircraft 
location  at  any  time  during  the  run.  For  example,  referring  to  Figure  4,  if  given  a  height,  (H), 
and  speed,  (V),  the  aircraft  location,  (L),  at  a  time,  (t),  before  the  aircraft  passes  directly 
overhead  is  given  by: 


D  =  Vt 
0=tan“  1 


H 


D 


S  =  si  D2  + 


However,  since  the  speed  of  sound  is  finite,  the  sound  received  at  the  microphone  when  the 
aircraft  is  at  location  L  was  actually  emitted  when  the  aircraf  •  *  *  •  at  location  L  .  Again,  referring 
to  Figure  4,  ‘he  location  of  L'  may  be  determined  from: 


S’  =- 


-(2S 


v  coso)  +  /2S_£_coSa)2-  4(1-l-i2>(-S2! 


2(1-  $-)2} 


where  S  =  slant  distance  to  actual  location 
S'  =  slant  distance  to  sound  location 
V  =  speed  of  aircraft 
C  -  speed  of  sound  in  air 

Since  it  was  necessary  to  calculate  many  data  points  in  order  to  generate  a  plot  of  the  sound 
field  around  the  aircraft,  we  decided  to  investigate  the  possibility  of  using  acomputer  to  ease  the 
computational  workload.  The  result  was  a  FORTRAN  language  program  which  performed  the 
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functions  diagrammed  in  figure  5.  The  operation  of  the  program  is  fully  described  in  Appendix 
6.  The  program  used  inputs  of  ambient  temperature,  aircraft  speed  and  height  and  an  arbitrary 
starting  point  to  give  as  output  a  series  of  times,  angles  and  slant  ranges  which  define  the 
aircraft's  true  location  and  sound  location  in  time  and  space.  An  example  of  the  computer  output 
is  shown  in  Table  2. 


Analysis  of  Acoustic  Data 

The  tape  recordings  were  played  back  using  the  equipment  set-up  shown  in  Figure  6.  The 
calibration  tone  produced  by  the  pistonphone  and  recorded  on  ali  tapes  was  used  to  set  all 
reference  levels  in  the  analysis  equipment.  Each  flight  was  played  back  through  each  octave  band 
filter  from  63  Hz  to  8000  Hz.  The  results  were  a  series  of  octave  band  pressure  level  versus  time 
histories  for  each  flight. 


Combination  of  Aircraft  Data  and  Acoustic  Data 

The  final  phase  of  the  data  reduction  process  consisted  of  correlating  the  location  data  with 
the  acoustic  data  and  generating  a  plot  of  SPL  versus  angle  around  the  aircraft.  The  SPL  data  were 
read  from  the  time  histories  at  the  times  indicated  in  the  location  data.  The  marker  placed  on  the 
tapes  as  the  aircraft  passed  overhead  was  reproduced  on  the  SPL  time  histories  and  this  marker 
was  used  as  a  time  reference.  An  example  of  the  resulting  table  of  SPLs  for  each  octave  band  is 
shown  in  Table  3.  Although  these  SPLs  could  be  directly  plotted  on  polar  paper,  the  usefulness 
of  such  a  presentation  is  somewhat  limited  since  each  data  point  was  measured  at  a  different 
distance  from  the  aircraft.  We  therefore  decided  to  correct  each  data  point  to  a  constant  distance 
frofri  the  source  and  we  arbitrarily  chose  200  feet.  In  other  words,  the  data  presented  in  the  polar 
plots  represents  the  SPL  that  would  be  measured  in  a  vertical  plane  containing  the  flight  path,  by 
a  microphone  located  at  a  constant  200  foot  distance  from  the  aircraft  and  at  various  angles 
around  the  aircraft. 

The  SPL  data  was  corrected  to  a  constant  distance  by  the  well  known  relation  (14)  : 

SPL2oo  =  SPLD  +  20  log^  ha-  (D-200) 

where 

^L200  “  sound  pressure  level  at  200  feet 

SPLq  =  sound  pressure  level  measured  at  distance  D 

«  =  atmospheric  attenuation  factor. 

The  a  used  for  the  calculations  was  obtained  from  reference  4  using  the  temperature  and 
humidities  recorded  during  the  flights.  Table  4  shows  the  values  used. 
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Fig.  5.  Flow  chart  of  computer  program  used  to  calculate  helicopter  location. 
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equipment  used  for  acoustic  data  analysis. 


Example  of  Combined  Location  and  Sound  Pressure  Level  Data 


DISCUSSION 


Skyscreen 

The  skyscreen  system  performed  well  in  locating  the  helicopter  in  space  and  indicated  the 
instant  that  the  helicopter  was  directly  over  the  microphones.  This  system  had  several  advantages 
over  other  methods  of  locating  the  helicopter.  Some  of  the  advantages  were: 

1.  The  system  was  portable  and  could  be  emplaced  at  any  desired  location.  This 
contrasted  with  a  radar  system  which  was  usually  fixed  an«_  therefore  limited  the  test  area  to  the 
vicinity  of  the  ladar  set.  A  mobile  radar  set  could  be  used,  of  course,  but  the  cost  of  such  a 
system  would  be  far  in  excess  of  the  skyscreens. 

2.  The  operatoi  was  removed  from  the  system.  This  eliminated  problems  of  reaction 
time  and  subjective  judgments  of  helicopter  location. 

3.  The  system  provided  an  immediate  readout.  This  would  not  be  the  case  with,  for 
example,  a  system  that  used  photographic  means  to  measure  helicopter  location. 

A  disadvantage  of  the  skyscreen  system  was  that  it  required  110V AC  power  for  operation. 
However,  dnce  the  power  requirements  are  fairly  low,  it  is  possible  to  operate  at  a  remote  site  by 
powering  the  system  from  a  small  acoustically  treated  engine  generator  set  or  a  DC-AC  inverter. 
This  gives  complete  freedom  in  site  selection  since  all  of  the  acoustic  equipment  can  be  battery 
operated. 


Acoustic  Data  Reduction 

The  analysis  of  acoustic  data  from  a  moving  source  had  several  opposing  requirements.  For 
example,  since  the  sound  pressure  was  changing  with  time,  one  requirement  of  the  measuring 
system  was  that  the  ie-H  indicator  have  a  response  time  fast  enough  to  follow  the  changes  in 
level.  A  fast  response  time,  however,  was  directly  contradictory  to  another  requirement;  namely, 
that  the  measuring  system  have  a  long  averaging  time  in  order  to  accurately  measure  the  random 
components  of  the  noise.  Since  the  averaging  time  necessary  for  a  given  accuracy  decreased 
as  the  bandwidth  of  the  analysis  system  increased,  we  used  the  standard  octave  band  filters  from 
63  Hz  to  8000  Hz  so  that  we  could  use  a  short  averaging  time  and  still  have  reasonable  confidence 
in  the  accuracy  of  the  measurements.  A  further  ir  jueement  to  use  full  octave  bands,  at  least  for 
this  program,  was  the  sheer  number  of  data  points  which  had  to  be  read.  For  example,  for  one 
flight  there  were  about  400  data  points.  Analysis  by  1/3  oct3ve  bands  would  increase  this  to 
120C  points.  Since  we  had  to  manually  read  the  data  points,  we  felt  the  additional  time  required 
was  not  justified  at  this  time.  However,  if  suitable  equipment  becomes  available  to  shorten  the 
time  required  to  read  the  data,  it  will  be  a  simple  matter  to  replay  the  tapes  for  analysis  as 
desired. 


Computer  Programs 


The  effort  to  lighten  the  computational  requirements  by  using  computer  programs  worked 
very  well.  As  mentioned  earlier,  the  only  phase  of  the  data  reduction  process  that  was  not 
automated  was  the  reading  of  SPL  levels  at  the  appropriate  times  on  the  SPL  versus  time  records. 


Once  the  SPL  data  was  put  *>n  punched  paper  tape,  ail  other  operations,  from  the  calculations  of 
helicopter  location  to  the  final  plots,  were  carried  out  automatically. 


Atmospheric  and  Terrain  Effects 

As  pointed  out  in  the  Method  Section,  no  attempt  was  made  to  measure  the  acoustic 
characteristics  of  the  atmosphere  at  the  time  of  the  test.  However,  it  should  be  possible  to  use 
data  from  flights  at  two  different  altitudes  to  actually  calculate  atmospheric  losses.  For  instance, 
if  one  flight  was  twice  the  height  of  another,  the  levels  when  the  aircraft  waS  directly  overhead 
should  differ  by  6  dB  (20  log-0^*)plus  an  amount  that  depended  on  the  frequency  of  the  signal 
and  the  atmospheric  losses.  Of  course  this  only  applies  if  we  assume  that  the  source  levels  were 
identical  for  each  flight;  or  we  could  possibly  apply  a  correction  for  a  different  source  level.  One 
way  to  do  this  is  to  examine  the  differences  in  the  lowest  frequency  band  where  atmospheric 
losses  are  very  small.  Then  we  could  assume  that  any  difference  in  the  levels  not  attributed  to  the 
factor  20  log  0^  was  caused  by  a  difference  in  the  Source  level.  We  could  also  use  the  same  method 
to  calculate  losses  at  angles  other  than  90°. 

The  effect  that  the  terrain  has  on  sound  propagation  from  a  helicopter  is  not  very  well 
known.  However,  there  is  general  agreement  that  terrain  effects  are  small  at  angles  of  greater  than 
7°  (2)  to  10°  (15).  The  primary  problem  in  defining  terrain  effects  lies  mainly  in  the  nearly 
infinite  variation  in  terrain  features  from  place  to  place.  Data  is  available  that  may  be  used  for 
particular  terrain,  such  as  grassland  and  jungle  (2).  Since  our  test  site  did  not  fit  the  available  data 
we  did  not  calculate  SPLs  at  angles  less  than  10°  or  greater  than  170°.  Since  present  tactics 
provide  that  many  missions  will  be  flown  at  "tree-top"  or  "nap  of  the  earth"  levels  where  angles 
will  be  less  than  10°,  this  presents  a  serious  omission  for  operational  purposes  and  further  work 
should  be  done  in  defining  terrain  effects.  We  do,  however,  report  the  measured  SPLs  at  all  angles 
for  which  we  have  data.  Examination  of  the  tables  shows  that  at  some  of  the  higher  frequencies 
data  is  not  reported  at  angles  less  than  20°  -  30°.  This  occurs  for  several  reasons:  (1)  the  source 
level  is  relatively  low  at  high  frequencies;  (2)  high  frequencies  are  rapidly  attenuated  by  the 
atmosphere;  and  (3)  the  dynamic  range  of  the  recording  system  limits  the  minimum  signal  level 
which  may  be  recorded. 


Applications 

The  methods  given  in  this  report  may  be  used  (1)  to  gather  accurate  data  which  may  then  be 
compared  to  data  predicted  from  theories  of  helicopter  noise  generation,  (2)  to  standardize  data 
collection  and  reporting  so  that  various  types  of  helicopters  may  be  directly  compared,  (3)  as  a 
basis  for  a  prediction  of  detection  distance  if  given  detection  level  criteria,  and  (4)  possibly  as  a 
means  for  measuring  atmospheric  attenuation  of  acoustic  signals. 
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RESULTS 

Although  a  total  of  12  flights  were  recorded,  only  the  first  six  were  completely  satisfactory. 
On  these  six  flights,  we  were  able  to  measure  the  speed,  altitude  and  proper  path  of  the 
helicopter.  It  tripped  both  skyscreens  (2  and  5  in  Fig.  1)  which  were  used  to  indicate  that  the 
aircraft  was  on  the  desired  path  over  the  microphone.  On  the  remainder  of  the  flights,  while  we 
were  able  to  collect  good  acoustic,  speed  and  altitude  data,  we  did  not  get  an  indication  that  the 
helicopter  was  on  the  proper  path.  Since  the  weather  became  rapidly  unsatisfactory  after  run  12, 
we  were  forced  to  stop  collecting  data  before  resolving  the  problem.  In  spite  of  the  fact  that 
flight  7  was  off  line  we  decided  to  include  the  data  simply  for  comparison  with  the  lower  altitude 
flights  but,  since  more  than  400  data  points  must  be  read  for  each  flight,  we  did  not  read  the  data 
for  flights  S  through  12. 


The  sound  pressure  levels,  as  measured  in  each  octave  band,  are  given  in  Appendix  C  along 
with  the  corresponding  location  data.  The  sound  pressure  levels,  as  calculated  for  a  constant 
distance  of  200  feet,  along  with  their  corresponding  angles,  are  given  in  Appendix  D.  The  polar 
plots  of  SPL  vs  angle  by  octave  bands  for  one  flight  are  shown  in  Figures  9  thru  16.  All  flights  are 
shown  in  Appendix  E. 

Examination  of  the  polar  plots  showed  that  the  first  two  octave  bands  (63  Hz  and  125  Hz) 
were  stongly  directional  with  a  difference  of  approximately  30  dB  between  the  maximum  and 
minimum  SPL.  An  interesting  feature  of  the  125  Hz  plots  was  the  ''notch,''  or  drop,  in  SPL  in 
the  30°  to  50°  region.  This  notch  seemed  to  be  somewhat  speed  dependent  since  for  flights  1,  3, 
and  5,  which  had  speeds  of  124,  131,  and  129  feet  per  second  respectively,  the  notch  occurred  at 
about  35°.  The  speed  tor  flight.’  2,  4,  and  6  was  in  the  area  of  99-110  feet  per  second  and  the 
notch  shifts  to  the  45°  -  50°  region. 

The  rest  of  the  octave  bands  showed  less  and  less  directivity  until  at  1000  Hz  and  above,  the 
SPLs  showed  little  change  with  direction. 


CONCLUSIONS 


1.  The  method  presented  is  capable  of  providing  accurate  SPL  measurements  of  a  moving 
helicopter. 

2.  Data  collected  in  this  manner  could  be  used  to  directly  compare  different  helicopters. 

3.  Theories  of  helicopter  noise  generation  may  be  checked  by  this  method  of  data 
collection. 

4.  Present  understanding  of  terrain  effects  is  not  sufficient  to  permit  accurate  estimates  of 
propagation  at  angles  of  less  than  10°. 


. . . . 


RECOMMENDATIONS 


It  is  recommended  that: 

1.  Further  work  be  done  to  gather  data  and  devise  methods  of  predicting  terrain  effects. 

2.  Th*s  method,  with  modifications  if  necessity,  be  used  as  a  standardized  method  of 
measuring  helicopters  in  flight. 
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pressure  leve!  in  the  500  Hz  octave  band  at  200  feet  from  a  moving  helicopter-Flight  No. 


pressure  level  in  the  4000  Hz  octave  band  at  200  feet  from  a  moving  helicopter- Flight  No. 


a  moving  helicopter-F light  No.  1 
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APPENDIX  A 


SKYSCREEN  SYSTEM 

The  skyscreen  system  shown  in  Figure  UA  is  used  principally  for  measuring  the  velocity  of 
projectiles  in  flight.  This  is  done  by  a  combination  of  optical  and  electronic  devices.  The  optical 
portion  consists  of  lenses  and  various  apertures  used  to  form  a  fanshaped  field  of  view  as  shown 
iri  Figure  2A.  The  ambient  light  is  focused  on  a  photo  cell  through  which  an  electrical  current 
flows  in  proportion  to  the  amount  of  incident  light.  The  electronic  circuitry  is  such  that  slow 
changes  in  light  level  have  no  effect  on  the  output  of  the  system.  However,  if  a  moving  object 
enters  the  field  of  view  and  blocks  more  than  approximately  three  percent  of  the  sensitized  area 
the  system  produces  a  single  sharp  electrical  output  pulse.  The  final  portion  of  the  skyscreen 
system  is  an  electronic  counter  used  to  measure  the  time  between  two  pulses.  The  skyscreen  is 
mounted  on  a  tripod  which  has  leveling  indicators  as  well  as  mechanisms  for  accurately  aligning 
the  lens  system  in  azimuth  and  elevation. 

If  we  now  set  two  skyscreens  a  known  distance  apart,  we  can  determine  the  velocity  of  an 
object  which  intercepts  the  field  of  view  of  each  skyscreen  by  measuring  the  time  it  takes  the 
object  to  traverse  the  distance. 

The  test  set-up  used  during  the  flyover  measurements  is  shown  in  Figure  3A.  Switches  were 
provided  to  interchange  start  and  stop  pulses  so  that  runs  could  be  made  in  either  direction.  The 
height  of  the  aircraft  was  measured  by  using  skyscreens  tilted  off  the  vertical  such  that  their 
sensitive  areas  intersected  at  tht  nominal  height  chosen  for  each  flight.  For  a  run  from  left  to 
right  SSI  starts  two  counters  while  SS2  stops  one  counter  and  SS3  stops  the  other  (Fig.  4A). 
The  time  intervals  indicated  by  each  counter  will  depend  on  whether  the  aircraft  is  at,  above  or 
below  the  correct  altitude.  If  the  aircraft  is  at  the  correct  altitude,  it  will  intersect  the  fields  of 
SS2  and  SS3  at  the  same  instant  and  the  two  counters  will  show  the  same  elapsed  time.  If  the 
aircraft  is  hign,  it  will  intersect  SS3  before  SS2  and  time  interval  1-3  will  be  shorter  than  time 
1-2.  The  revnrse  will  be  true  if  the  aircraft  is  low. 

Referring  to  Figure  4A,  assume  an  aircraft  with  velocity  V  is  following  the  path  shown: 

Velocity  V  is  measured  usinq  SSI  and  SS4  which  are  a  known  distance  apart.  Angle  a 
is  known  since  it  is  set  to  produce  an  intersection  at  the  desired  height,  Hpf.  Angle  0  is  known 
by  similarity  to  a  . 

D-j  =  V(ti_2^  where  t^_2  is  time  interval  1—2 

D2  -  V(t-|_3)  where  t-j_3  is  time  interval  1-3 

D3  -  D2  —  D 1  =  \  (t  j_3  -  t-j _ 2)  =  Y(  At) 
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Fig.  4A.  Measuring  the  height  of  an  aircraft  by  using  sky  screens. 


But  tan  0  =  tan  a  =  H 


so  M-ljiUOAii 

B 

or  H  =  Hn-M 

If  the  aircraft  is  above  M  will  have  a  negative  sign  and  will  be  added  to  to  give  the 
actual  height. 

During  the  flyovers,  the  measuring  microphone  was  set  up  within  a  few  feet  of  one 
vertically  oriented  skyscreen.  The  puise  from  this  skyscreen  was  used  to  put  a  marker  on  the  tape 
recordings  to  indicate  the  instant  that  the  aircraft  was  overhead. 


APPENDIX  B 

CALCULATIONS  AND  COMPUTER  PROGRAM 

This  appendix  describes  the  calculations  and  the  computer  program  used  to  determine  the 
"visual"  and  "sound"  location  of  a  helicopter  flyng  a  flight  path  directly  over  a  microphone 
being  used  to  sense  the  noise  produced  by  the  helicopter.  Referring  to  Figure  IB  the  microphone 
is  located  at  M,  and  the  helicopter  flying  in  the  direction  indicated,  at  speed  V  and  height  H,  is 
located  at  L.  Since  the  speed  of  sound  is  finite,  the  sound  being  received  ?t  M  when  the 
helicopter  is  at  L  was  actually  emitted  when  the  helicopter  was  located  at  point  L' .  For  any 
given  distance,  D,  from  the  microphone: 

s  =  \Id2  +  h2' 


0=  tan  “  1  — 
a  =  180°  -  0 

By  the  law  of  cosines: 

(S'  )2  =  S2+  R2~2SRcos  a  (1) 

Since  the  distance  R  is  equal  to  the  speed  of  the  aircraft  times  the  time  it  takes  sound  to  travel 
from  L'  to  M 

R  =  V  x  t 

But  time  t  is  also  equal  to  distance  S'  divided  by  the  speed  cf  sound  C: 

t  =  S/C 
C  is  calculated  from: 

C  »  49.03  Vt  +  4S9.7 
T  =  temperature,  degrees  Fahrenheit 


R  =  Vxf 


Substituting  in  (1): 


(S*  )2  =  S2  +  (Xp-  )  2  -  2SyS|_.  cos  a 
C  C 


Collecting  terms: 


(S')2  {  1  -f$2)+S'  (2S-Jf  cos  a)  -S2  =0 


. _ . . . — —--i 


Solving  for  S'  : 


Then©'  =  arc  sin 

The  program  uses  the  preceding  relationships  along  with  data  furnished  by  the  operator  to 
calculate  a  series  of  polar  coordinates  defining  flight  paths  of  the  helicopter.  In  running  the 
program  the  operator  inputs: 

(!)  aircraft  speed,  feet  per  second 

(2)  aircraft  height  over  microphone,  feet 

(3)  air  ambient  temperature,  degrees  Fahrenheit 

(4)  ground  distance  to  the  desired  starting  point,  feet 

Input  {4)  was  determined  by  examining  the  SPL  versus  time  records  for  each  flight.  Since 
the  instant  that  the  aircraft  was  overhead  was  clearly  marked  on  the  records,  we  could  easily 
determine  the  time  in  seconds  to  the  beginning  of  the  record.  Knowing  the  speed,  IV),  of  the 
aircraft  and  the  time,  |t),  to  the  beginning  of  the  record  we  can  calculate  the  ground  distance, 
(D),  of  the  aircraft  from  the  microphone  at  the  beginning  of  the  record  from: 

°MAX  =  Vt 

Most  of  our  flights  had  a  t  of  60  seconds  giving  maximum  ground  distances  of  6000  to  8000  feet 
depending  on  speed. 

Referring  to  the  flow  chart  in  Figure  2B  we  can  see  that  the  first  data  points  are  output 
assuming  a  time  t  equal  to  zero.  Time  t  is  then  advanced  by  a  set  amount  and  a  new  D  is 
calculated  which  is  equal  to 

0  =  dmax  • Vt 

where  t  is  the  time  elapsed  since  the  beginning  of  the  record.  Using  the  r-°w  D  value  a  set  of 
corresponding  slant  ranges  and  angles  are  calculated.  The  program  then  tests  for  the  difference 
between  the  new  angle  and  the  last  angle  output.  If  the  difference  is  less  than  three  degress,  time 
is  again  advanced  and  a  new  angle  calculated  and  tested.  This  is  done  repeatedly  until  the 
difference  lies  in  the  range  of  three  *  five  degrees  at  which  time  the  new  angle  is  output.  We 
settled  on  this  method  of  generating  data  points  since  the  angle  from  an  observer  to  a  helicopter 
changes  slowly  when  the  helicopter  is  some  distance  away.  The  angle  rate  of  change  increases 
rapidly  until  it  changes  at  a  maximum  rate  when  directly  overhead,  and  then,  once  again  changes 
at  a  slower  and  slower  rate.  If  we  had  chosen  to  plot  points  at  equal  time  intervals  we  would  have 
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been  faced  with  the  problem  of  too  many  points  when  the  angle  changes  slowly  and  not  enough 
points  when  the  angle  changes  rapidly.  By  choosing  to  use  aqua*  angle  intervals,  time  is  allowed 
to  change  by  a  variable  amount  necessary  to  generate  the  chosen  intervals.  Consideration  of  the 
acoustic  data  read-out  problems  lead  us  to  set  0.1  second  as  the  minimum  interval  acceptable,  but 
this  posed  no  special  problem  since  at  our  nominal  values  of  300  feet  height  and  135  feet  per 
second  speed  the  maximum  rate  of  change  of  angle  is  2.6°/0.1  second.  To  account  for  flight 
conditions  that  differed  from  nominal,  the  program  was  written  so  that  it  would  output  a  data 
point  and  not  "hang-up"  if  the  minimum  time  change  of  0.1  second  produced  an  angle  change 
not  in  the  range  of  three  to  five  degrees.  For  example,  in  some  cases  a  time  change  of  0.1  second 
produced  an  angle  change  of  about  2.9°  while  a  time  change  of  0.2  second  changes  the  angle  by 
5.8°.  Since  neither  angle  value  is  in  the  acceptable  range,  and  unless  this  possibility  is  taken  into 
account  in  the  program,  the  machine  will  continue  to  oscillate  between  the  two  values  and  never 
output  a  value.  The  program  was  so  written  that  if  this  problem  occurred,  the  angle  change 
associated  with  a  minimum  time  change  of  0.1  second  would  be  output  regardless  if  it  met  the 
criteria  of  falling  in  the  range  of  three  to  five  degrees.  The  program  will  also  stop  if  the  value  of 
the  angle  exceeds  176°  or  if  tne  total  time  exceeds  180  seconds. 

The  complete  program  as  written  to  run  on  the  GSA  RAMUS  system  is  shown  in  Figure  3B. 


IMIS  PROGRAM  CALCULATES  VARIOUS  PARAMETERS  USED  !h  DETERMINING 
V*SC  THE  SOUND  FIELD  AROUNO  A  HELICOPTER  IN  FLIGHT* 

11  *r 

1 1  SC  CALCULATIONS  INCLUDE  Tnfc  angle  ABOVE  T^t  HORIZONTAL  and  T -i 6 

120C  SLANT  RANGE*  AT  VARIOUS  TIMES  T*AS  A  HELICOPTER  IN  FLIGHT 

1?sr  STARTING  at  ant  OESIREO  GROUND  range*flies  toward  and  directly 

IV"  0 ■/ ■- J  AN  OBSERVER.  SINCE  THE  SPEED  OF  SOUND  IS  FINITE*  THE 

me  NOISE  THAT  THE  OBSERVER  HEARS  AT  ANY  TIME  *"T"*WAS  EMITTED 
140C  *HEN  THE  HELICOPTER  WAS  IN  A  LOCATION  DIFFERENT  FROM  ITS 
14 SC  VISUAL  LOCATION.  THEREFORE  THE  PROGRAM  ALSO  CALCULATES 
me  ANGLE  AND  SLANT  RANGE  TO  EACH  SOUND  SOURCE  LOCATION 
1SSC  C  D-<*<E'SPONO  I NG  TO  THE  ANGLE  AND  RANGE  f>F  THE  VISUAL  LOCATION. 

1  VC 

Ue"  A S^U'HP]  IONS: 

17?C  HELICOPTER  SPEED*  ALTITUDE*  AND  HEADING  ARE 

1 7  =  "  HE*  D  CONSTANT. 

IS?"  T *-* tf  FLIGHT  PATH  PASSES  DHECTLY  OVER  THE  O-SERVF*  . 

1  —  ■"  I*  p«JT  C*UA  NEEDED: 

V*C  AIRCRAFT  GROUND  S0FF‘'*  IN  FEET  PER  SECOND 

iv  MAXIMUM  DESIRED  6s  0*1*40  RANGE*  IN  FEET 

AIRCRAFT  “EIGHT  ABOVE  OBSERVER  *  I N  FEET 
5,<r'  AMBIENT  A  I  n  TEMPERATURE*  IN  DEGREES  FAHRENHEIT 

n  >C 

me  pwOGRA*1  CALCULATIONS: 

UK  THE  PROGRAM  FIRST  C A|  CUL A TES  THE  SPEED  OF  SOUND 

??G~  FOR  the  GIVEN  AMBIENT  TEMPERATURE.  Th£N*AT  T I «E=ZERO* THE  S! alt 
me  range  and  angle  TO  THE  VISUAL  LOCATION  ARE  CALCULATED  USING  T~c 

m"  HEIGHT  AND  MAXIMUM  GROUND  RANGE*  THE  SLANT  RANGE  AND  ANGLE  TO 

?4-?C  THE  "ORRFSPONOING  SOUND  LOCATION  ARE  CALCULATED  USING  ThE  SPEE^ 

;icr  OF  SOUNO  Ann  |h£  VISUAL  LOCATION-  PARAMETERS.  TIME  IS  THEN  ADVANCE  "> 

2S.’C  *  1  A  GIVEN  AMOUNT  AND  *  Nf ■.<  GROUND  RANGE  IS  CALCULATED  BY 

?S=C  REDUCING  THE  MAXIMUM  GROUND  RANGE  BY  AN  AMOUNT  EQUAL  TO  T“E 

Ifr  DISTANCE  FLOWN  ID  ThE  TIME  ELAPSED  F^OM  TIME  ZERO. US  I  NG  THE  NF* 

P«SC  RANGE  a  new  SFT  OF  ANGLES  and  SLANT  RANGES  ARE  CALCULATED. 

?77C  THE  v'EW  ANGLE  TO  THE  SOUND  SOURCE  IS  EXAMINED  TO  SEE  IF  IT  OFFERS 

17=0  FROM  THE  PREVIOUS  VALUE  BY  FROM  THREE  TO  FIVE  DEGREES. 

ZBZC  IF  T-E  DIFFERENCE  FALLS  IN  THE  RANGE  OF  THREE  TO  FIVE  DEGREES 

?BC,C  T“E  no  PARAMETERS  ARE  OUTPUT.  IF  THE  DIFFERENCE  IS  LESS  THAN 

pa*”  THREE  DEGREES*  T I M;  IS  ADVANCED  AND  A  NEW  ANGLE  IS  CALCULATED* 

V'  vinImjw  TIME  ADVANCE  BETWEEN  OUTPUT  POINTS  IS  0*1  SECONDS 

,,,r  fVcN  IF  THIS  ADVANCE  PRODUCES  AN  ANGLE  CHANGE  GREATER  THAN 

3?RC  FIVE  0? GhEFS  OR  LESS  THAN  THREE  DEGREES. 

31?C 

me  SY-*OL  TAM.E: 

nil C  T  =  T  IMF* SECONDS 

3?  =  C  N= ARBITRARY  INTEGER 

330"  P  i  =  CONST  ANT  =  3.1A  !  =  "> 

33=;"  CSNO=  SPEED  OF  SOUND  IN  A  IR*FtET  PER  SECOND 

34, i;  ph|DEL  =  ST0RAG5  LOCATION  FOR  LAST  ANGLE  OUTPUT 

34"C  T £ wp= AM8 I t% T  A|R  T E MPfcR A T URE » DEGREES  FAHRENHEIT 


Fig.  3B.  FORTRAN  program  used  in  calculate  helicopter  location. 
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35?: 
35  5  C 

35  PC 

36  5  C 
373C 
375C 
38  fl  C 
385C 
39FC 
?35C 
400C 
4-J(  1 C 
4.*5C 
410C 
4  ISC 
4?9C 
4?5  1 
4’P  ? 
41 c,  3 
44:’  4 
44  5  5 
453C 
455C 
46?'' 
dps 
47? 
475 
48? 
4355 

41  a*: 
495c 

53  P 
613 
615 
523 
525 
53? 
535 

54  9 
545C 
65<?C 

555C 

560 

565 

570C 

575C 

58?C 

535 

699  C 

595C 


VEL*A  IRCRAFT  GROUND  SPEED*  FEET  PER  SECONO 
ALTrAIRCRAFT  HEIGHT  ABOVE  OBSERVER »FEET 
DVT2RO=MAX  GROUND  DISTANCE  TO  A  I RCR AFT *FEET 
DV=GROUND  DISTANCE  TO  VISUAL  POSITION  AT  T IME»T ;F£ET 
SV*SLANT  RANGE  TO  VISUAL  POSITION  AT  T  I  ME  *  T : FEET 
PHV=ANGL£  ABOVE  HORIZONTAL  TO  VISUAL  LOCAT I ON»R AD  I ANS 
DAsGROUND  DISTANCE  TO  SOUND  LOCATION  AT  T I  HE*  T I  FEET 
SA=SLANT  RANGE  TO  SOUND  LOCATION  AT  T I  ME*  T : FEET 
PHA=ANGLE  A90VE  HORIZONTAL  TO  SOUND  LOCAT I ON*R AO  I ANS 
DD=DIFFERNCE  BETWEEN  DA  AND  DV 
PHVDEG  AND  PhADEG  ARE  THE  DEGREE  EQ I VALENTS  OF 
PHV  ANO  PHA 


THE  FOLLOWING  IS  A  LIST  OF  FORNATS  USED 
FORMAT (F6.1 »2(2X*F6 .1*2* *F8.1 )) 

FORMAT (21HAIR CRAFT  SPEED . •=*F8«1*13H  FEET  PER  SEC) 

FORMAT (21HGRO UNO  0 1  ST  AT  TZERO= *F8 • 1  * 5H  FEET) 

FORMAT ( 21HHE I 6HT  OF  A | RCR AFT . .=  »F 3 . 1  * 5H  FEET) 

FORMAT ( 2 IHAMg | ENT  AIR  T EMP . . . .=  *F9 • 1  *  1 0H  DEGREES  F) 

SET  INITIAL  VALUES 

T  =9  • 

N=? 

phOEl=R • 

Pl=3. 14159 

INPUT  DATA 

PRINT* "WHAT  IS 
I NPUT  *  VEL 
PRINT. "WHAT  IS 
I NPUT  *  DVTZRO 
PRINT » "WHAT  IS 
INPUT* ALT 
PRINT*"WHAT  IS 
I NPUT  *  TEMP 

PRINT  HEADINGS 

PR  lNT»t2*t2»" 

PRINT*"  SEC 


AIRCRAFT  SPEEO*  IN  FEET  p£R  SECOND?" 

MAXIMUM  GROUND  DISTANCE  TO  A  I  RCR AF  T ♦ I N  FEET?" 
HEIGHT  OF  AIRCRAFT  ABOVE  OBSERVER* IN  FEET?" 
AMBIENT  AIR  TEMPERATURE* l‘  DEGREES  F?" 


FOR  OUTPUT  TABLE. (A  "t"  INDICATES  A  LINE  FEED) 

SV 


TIME  PHV 
DEG  FEET 


DEG 


PHA  3  A" 

FEET " *  t 


CALCULATE  THE  SPEED  OF  SOUND 


C$ND=49.03«SQRT(TEMp4459.7) 

calculate  dv»sv*phv*alph»da*$a»pha*dd 


I 


§ 


I 

3 

-I 

I 


1 
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5»ftc 


6^5  1ft 

0V=0VT2R0-VEL*T 

eift 

SV  =  S0RT(DV««*2*ALT**2) 

61  5 

PHV=ATAN(ABS(ALT/DV)) 

6’ftC 

AtPHsPHV  UNLESS  OV  IS  GREATER  THAN  ZERO 

5?5C 

630 

alph=phv 

6.35 

IF(OV*GT.ft.0)ALPH=PI-PHV 

64  3  C 

c/.?C 

66ftC 

CALCULATE  COEFFICIENTS  FOR  QUADRATIC 

665 

A=1.-(VEL/CSN0)**2 

66  ft 

‘i  =  ?.*SV*(VEL/C6ND)*C0S(ALPH) 

66  5 

H-SV**? 

-7ftC 

675C 

69ftO 

CHECK  FOR  REAL  ROOTS; IF  NOT  GOTO  ERROR 

MESSAGE 

s35 

IF(9**2«4.*A*C.LT • 1.0)0 >f ;  31 

63ftC 

636  ' 

7 1  ’ ', 
7’5 

SOU'*:  FOR  SA  USING  POSIT  1 U  t.  ROOF  Onl  < 

SA=(--!*-SOU{  J**2-4«*A*C)  )/7  '  • 

71ft 

.03=  S  A*v£L  >  "  ■ 

7’ ft 

OA=SO^T(  iA.*2-ALT**'-) 

7?  6 

PhAt  A I  i\(  5  3  j{  ii.  I  / 

n*r 

735  3 

ADJUST  ?HV  AND  PH A  10  PROPER  OUA>  U.1 

74  ft  5 

74  5 

1 F (  37*00. LE. 1)PHA  =  p|  A 

75ft, 

1 F  ( 0 v . l 5 .  '* •  ’ ) *'M* V  =  -  I  ~t>n; 

7r‘*  ' 

76 « ; 

IF  i  IS  1.  f  H  AN  ft  ♦  1  ♦  H  1  3  U  MU;  ;  | 

11  HO'J 

76  5  ; 

7  7  > 

1  r  ( 1  .  L  : .  ft .  1 )  f  C  ;  ■  '  • 

77-  3 

73  *r 

HE  INITIAL  CAI'-LA'I  \‘(UH  !  = 

')• 

796  5 

CHECKS  THAT  HE  CHANGE  IN  PHI  A5  1  h'; 

IS  INCRE 

75, 1C 

RANGE  OF  [h-EL  M  FI7:  '‘•fcGRfjS  0*<  THE 

is  i\:r 

9,i  ft  C 

OF  ”, ft  >63  j!:GARDLES$  OF  THE  -cSULTlNG 

CHANG? 

906'' 

31ft 

1 F  (  ph  A-pHQEL  .  GT .  ft. ■»  °  1/13  ft.)  GOTO  6 

316 

If  (  l.Gf.  ‘)  G">r-  ft  * 

9/5 

GOTO  35 

All  p 

IF(->-i4-i»*r‘'.-..t.T,6.*n|/l9.lJ)  GOTO  >4 

936 

N  =  N  ♦  1 

3{  1 

1  r  (>.?).  5 )  G  C  f  0  ?  ft 

3  16 

i 

5‘  * 
6553 

GOT  Ii 

R6-.13 

T **?  r  OL >. ON  1  N 3  IS  The  OUTRU!  SrCTIO'; 

010  f'.JT-'J!. 


«  ,0  5 r  ?  1  I  30 

f  AL!  S  H  I -i 
3  A  HNHJ 
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865C 

873  >■*  ‘'HDtL- ?HA 
878  N=^ 

M.'C  COVERT  PHA  and  ?mv  TO  DEGREES 
89?  PHAQ£G=PHA*1 3,3 «/?  | 

888  PHVDEG=PHV*18A./.i  j 


89?  PKAD£G  =  3HA*13,3«/?|  ^  C 

888  PHVDEG=PH7*13A./.i  j 
9?  ' ' 

Mif  ou:put  calculatf‘i  vai  ups 

9??0 

8?8  PR  INTI  *  r  *  PHVCEG  ♦  PH  »OE3  *  S  A 

91  ?C 

9?^C  CH£CK  IK  ***  ;4UES  fo>?  f  OR  PHA  NA-/P  -If r  t»cnn  ■; 

9?S  3r  IF  ( T  •  GT  .  1  3*3 ..  CH.PhAC’E^*  GT  •  1  70 . )  DO  I*  *»*• 

»35C  lr-  «<  iMIUSi  in:  fc , .  ,o.  |»fvf  !l  v. .  4„n 

945  T  =  T  *H  •  5 

9S<?  GOTO  1 ? 

P58C  T*E  FOLLOWING  SEC'  !■'*•*  3-J  T  »•  U I  :>  T  Hi.  ;,n  |  a  j ,  in  M.  .  : 

988  PS  PR  I  NT  *  1 2  * "DAT  A  USED" »t 
87?  PRlNT2»vEL 

978  PR  I  NT  3  »DV T2*-  0 

981  PR INT4  «  ALT 

38  5  PR  I  f.  Tc-  *  1  r  up 

fSI'.,..."  END  Of  a  15-1- 

99?C 

99 5 C  ERROR  MESSAGE 

1???C 

iais  3i,<30T0N?s"EKkCk  "'  indicate  iwiN/ihy  roots 

10?  >  STOP 

1028  END 


END  OF  FL  I  5JI  " 


F  Ok 
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Measured  Sound  Pressure  Levels  and  Corresponding 
Helicopter  Location  Data  for  Flight  No.  2 
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